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Results 
Changes in pupil diameter predicted LC activation over the entire 
course of the experiment, independent of the specific 
experimental condition. 
Setup: fMRI + simultaneous eye-tracking 
Participants: 12 healthy students (7♀5♂, M=21.75 years, 
range 18-29) 
 
Matching task: 4 conditions à 32 trials 
 
Easy 
emotion 
Easy 
scrambling 
Hard 
scrambling 
Hard 
emotion 
Reaction times 
Pupil diameter and brain activation 
• Modulation of pupil size by 
– Different light conditions 
– Psychological processes like task engagement/ emotional arousal (Bradley, 2008; 
Eldar, 2013; Gilzenrat, 2010) 
• Neurobiological regulation of pupil size: 
– Locus coeruleus-norepinephrine (LC-NE) system has been suggested to play a key 
role in the regulation of pupil size (Aston-Jones, 2005) 
– Single cell recordings in monkeys revealed differential LC activation depending on 
attentional processes (Aston-Jones, 1994)  
 
Objective:  
Test the relationship between pupil   
diameter and LC activation in humans 
LC Peak voxel right: 
[6, -34, -23]: T=4.55, 
pSVC=0.026  
LC peak voxel left: 
[-6, -34, -26]: T=4.56, 
pSVC=0.026 
• First study in humans which shows association between 
LC activity and pupil responses 
• Support for involvement of LC-NE system in the regulation 
of attentional processes 
To do: 
• Increase sample size 
• Explore time course of pupil 
response within trials 
 
 
 
2x2 ANOVA: 
Significant main effects of condition 
and difficulty, significant interaction 
(all p<0.05) 
Pupil diameter mean ± sd proportional to 
individual mean values  during inter 
stimulus intervals  
 
2x2 ANOVA: 
Significant main effect of condition 
(p=0.016) 
* * 
Preprocessing of pupil data 
Linear interpolation of missing data points and data points with >10% deviation 
between x and y values of pupil diameter; reduction of data points for fMRI analysis 
 
fMRI Data analysis  
Preprocessing: slice timing, realignment, normalisation via coregistration and 
segmentation, smoothing 
First level: 1st derivative of preprocessed pupil data, convoluted with HRF  pupil 
regressor in GLM 
Second level: contrasts from first level 
* 
Pupil diameter 
* 
 Images masked at p<0.005 unc. 
